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Total Organic Carbon (TOC) Measurement
Before measurement of TOC, the samples were dried, homogenized, and milled using a ball mill (Fritsch pulverisette 5). Carbonate was removed by adding hydrochloric acid (4%). The sediment samples were measured twice with a carbon-nitrogen-sulphur analyzer (Elementar Vario EL III) or a TOC analyzer (Elementar Vario Max C; a device with integrated inorganic carbon removal). In each series of measurements, a blank capsule was used for background and several capsules of standards (Sulphanilamid, EDTA 10:40, IVA 2150, PACS 1, LGlutamine, L-Cysteine) were determined with a device-specific accuracy of 0.1wt%.
Calculation of the Bulk Density, Segregated Ice, and Organic Carbon Density
For BD and SEI calculation samples were weighed in wet and oven-dry state during field expeditions. If no data for the density of the solid fraction (sediment density, ρ s , 10³ kg/m³) was available, we assumed that ρ s for BD calculation is equal to the density of its dominant component, quartz (2.65 10³ kg/m³). Instead of using quartz density, the sediment density of a subset of samples (202) was determined using a helium gas displacement pycnometer After that, the porosity (ϕ) was calculated (equation (S2)) using pore volume (V p , 10 -6 m³):
It is appropriate to assume that pores in frozen deposits are ice-saturated if the SEI is >20wt% [Strauss et al., 2012] . With this assumption, the SEI gives an estimation of the pore volume.
For determining ice volume an ice density of 0.91 10³ kg/m³ was assumed. BD was then calculated using its inverse relationship with porosity (equation (1)).
For error estimation, we compared measured and calculated BD for a subgroup of the samples (Fig. S2 ). To assess a mean, the difference between measured and calculated samples is 12% for both Yedoma (n=90) and thermokarst (n=36) deposits.
To calculate the OC density, the BD calculations and measurements were combined with TOC values and WIV. The volumetric OC calculation (OC density, kg/m³) was performed according to: For epigenetic ice wedges it is assumed that a frontal cut of an ice wedge has a shape of an isosceles triangle (Fig. S1 , right side). The variables used to calculate epigenetic WIV are defined as: VoP: volume of the polygonal block (cuboid with a squared top), with VoP= A² × H; A: polygon size, and H: polygon height; VoS: volume of sediment block (truncated pyramid), with VoS = ⅓ × H × (A²+AB+B²) and A: polygon size (=base side length), B: surface polygon length (top side length): B = A-C; C: maximum epigenetic ice-wedge width.
This approach enables us to calculate the epigenetic WIV using the volume of a truncated pyramid to represent the sediment block framed by ice wedges [Kanevskiy et al., 2013] . The WIV is calculated according to equation (S4):
This approach after Kanevskiy et al. [2013] is only feasible for epigenetic wedges, which occur mostly in the studied thaw lake basin thermokarst deposits. For syngenetic Yedoma deposit ice wedges, we deduced equation (S5), assuming that a frontal cut of this ice wedge type is rectangular in shape (Fig. S1 , left side). Yedoma deposit VoS is assumed to be VoS = H × (A-D)². Hence, we used a different equation (S5) for syngenetic WIV calculation: WI width is based on field measurements extracted from the literature [Meyer et al., 2002a,b; Grigoriev et al., 2003; Magens, 2005; Boike et al., 2008; Wetterich et al., 2008; Hoffmann, 2011; Kanevskiy et al., 2011 Kanevskiy et al., , 2012 Kanevskiy et al., , 2013 Opel et al., 2011; Boereboom et al., 2013] Siberian Islands, and Dmitry-Laptev Strait) with a mean value shown in Tab. S4.
Polygon Size
The mean Yedoma and thermokarst deposit polygon sizes were determined by mapping veryhigh-resolution satellite imagery for four study sites: Cape Mamontov Klyk (1; numbers according to Fig. 1 ), Bykovsky Peninsula (5), Buor Khaya Peninsula (7), and Bol'shoy Lyakhovsky Island (13). For thermokarst deposits, the polygon mapping and size calculation were done according to Ulrich et al. [2011] . Polygons were digitized manually within ArcGIS TM using very-high-resolution GeoEye and Kompsat-2 satellite data ( 
Calculation of Yedoma Region Coverage
We based our calculations on the extent of the Yedoma region as delineated in general maps of the potential Yedoma deposit area in Siberia [Romanovskii, 1993] and in maps showing ice-rich silt deposits we identified as the potential Yedoma deposit area in Alaska [Jorgenson et al., 2008] , resulting in a total coverage of 1,387,000 km². In detail we assume the Yedoma area as 1,141,000 km² for Siberia, 181,000 km² for Alaska and ~65,000 km² for regions with smaller known Yedoma deposit occurrences (e.g. south of Taymyr Peninsula, Chukotka, and Yukon Territory).
Based on literature data [Grosse et al., 2005 [Grosse et al., , 2006 [Grosse et al., , 2013b Veremeeva and Gubin, 2009; Morgenstern et al., 2011; Arcos, 2012; Jones et al., 2012; Morgenstern, 2012] (Tab. S7) the average of Yedoma deposit areas versus areas affected by degradation in several North
Siberian sites was estimated, suggesting that 70% of the Yedoma region is affected by degradation or erosion. This results in an updated coverage for remaining Yedoma deposits of 416,000 km², in addition to about 971,000 km² covered by non-Yedoma deposits. To estimate the coverage of frozen thermokarst deposits in this non-Yedoma deposit fraction, we subtracted the thermokarst lake area (considered to represent unfrozen deposits; 150,000 km², extracted for the Yedoma region from Grosse et al. [2013a] (lakes >0.1 km²) corrected with additional "missing" lake area (up to 80%) and other literature data [Grosse et al., 2005 [Grosse et al., , 2006 [Grosse et al., , 2013b Veremeeva and Gubin, 2009; Morgenstern et al., 2011; Arcos, 2012; Jones et al., 2012; Morgenstern, 2012] (Tab. S7) and the area of river deltas (Olenyok, Lena, Yana, Indigirka, Kolyma) of 47,000 km² in the Yedoma region [Walker, 1998 ]. The rivers, including fluvial and alluvial unfrozen sediments, are also excluded from consideration. The Alaskan deltas (Yukon and Colville) were already excluded in the map that we used [Jorgenson et al., 2008] . Hence, we inferred that frozen thermokarst deposits cover approximately 775,000 km². 
The factor of ½ is the airborne effect, assuming that half of the CO 2 rise will be incorporated into the ocean and plant biomass.
Mean-Bootstrapping Technique to Calculate Organic Carbon Budgets
This bootstrapping technique is used because of a non-normal distribution of the parameters ( Fig. 3 and S5 ) and for the calculation of non-parametric uncertainty estimates. Besides the observation-based bootstrapping, we additionally performed the calculation (5.000
repetitions) based on means for each variable with observations available (TOC, BD, WIV, thickness). We used sampling with replacement, which means that after we randomly draw an observation from the original sample we put it back before drawing the next observation.
We calculated the Yedoma deposit frozen OC pool as 14±2 kg/m³ and thermokarst deposits as 55±13 kg/m³. WIV is included in this calculation. Separate from wedge ice, the Yedoma deposit frozen OC pool contain 26±4 kg/m³ and thermokarst deposits 60±14 kg/m³. Adding the total stored Yedoma deposit OC, 111±17 Gt, and the frozen thermokarst deposit OC, 237±57 Gt, the total frozen Yedoma region contains 348±73 Gt. S8).
Inventory Calculation Based on Simple-Mean Values
To estimate an OC inventory based on our parameter dataset that is comparable to previous studies (e.g. Zimov et al. [2006] ) using the arithmetic mean and assuming normaldistribution, our Yedoma region OC estimate results in 112 Gt for Yedoma deposits and 240
Gt for thermokarst deposits. The total Yedoma region pool using mean values is 352 Gt.
Hence, the Yedoma deposit frozen OC pool contains 14 kg/m³ and thermokarst deposits as 56 kg/m³. WIV is included in this calculation. Separate from wedge ice the Yedoma deposit frozen OC pool contain 27 kg/m³ and thermokarst deposits 60 kg/m³ if WIV is not included.
Details with error estimates are shown in Table S1 . Nonetheless because of data heterogeneity and non-normal distributions (Fig. 3, S5) , we assume that applied bootstrapping statistics for OC budget calculation yields more realistic values. Figure S1 . Idealized polygon scheme demonstrating variables used for wedge-ice volume (WIV) calculation. A: polygon size; B: surface polygon length; C: maximum width of epigenetic ice wedge; D: mean width of syngenetic ice wedge; H: polygon height. The equations for WIV calculation, (S4) and (S5), are described in SI, 1.4.1. For this figure we only used samples for which both measurement and calculation were performed. The samples shown in Fig. S2a were measured during a winter expedition to the Itkillik River exposure (Fig. 1) . The temperature in the field laboratory was below 0°C; therefore, it was possible to keep the sample frozen, ideal conditions for pumping a vacuum and measuring the displacement. The samples shown in Fig. S2b and c were collected and measured during the summer on the Buor Khaya Peninsula (Fig. 1) , and it was not possible to generate a perfect vacuum without drawing in thawed material. As a result, the BD differences for these two sites (Fig. S2b, c ) are higher than for the first site (Fig. S2a) . Further corroborative evidence for the Yedoma deposit polygon sizes illustrated in Fig. S4 are published by Tomirdiaro [1982] and Giterman et al. [1982] for the Siberian lowlands (10-12 m and 9-10 m, respectively) and central Yakutia (11 m) [Tomirdiaro, 1982] . Tomirdiaro Tables   Table S1. . Alternative organic carbon (OC) pool calculations based on simple mean/median. For comparison with previous studies and to illustrate the potential overestimation of the Yedoma region OC pool calculation, the column "this study (simple mean)" shows calculations using the arithmetic mean. The column "this study (simplemedian)" shows an inventory calculation based on median values. a Data from Romanovskii [1993] and Jorgenson et al. [2008] , b data from Schirrmeister et al. [2011] , and c data from Kanevskiy et al. [2011; (sites 20, 21 and 23 in Fig. 1 Kanevskiy et al. [2011; (sites 20, 21 and 23 in Fig. 1 Table S6 . Polygon size and ice-wedge width used for Yedoma and thermokarst deposit WIV calculation. *Data for wedge-ice width from literature [Giterman et al., 1982; Meyer et al., 2002a,b; Grigoriev et al., 2003; Magens, 2005; Boike et al., 2008; Wetterich et al., 2008; Hoffmann, 2011; Kanevskiy et al., 2011 Kanevskiy et al., , 2012 Kanevskiy et al., , 2013 Opel et al., 2011; Boereboom et al., 2013] and field measurements. 
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